INTRODUCTION {#sec1-1}
============

Vitamin C, also known as ascorbic acid, like other vitamins is an organic substance, which is required by the body in small amounts to maintain life and health.\[[@ref1]\] It acts as a catalyst in the formation of hormones, enzymes, blood cells, neurotransmitters, and genetic materials.\[[@ref1]\] It is also essential to complete the metabolism of carbohydrates, proteins, and fats. The body\'s need for Vitamin C is met by diet, especially fruits. Vitamin C has antioxidant properties and as such either blocks the initiation of free radical formation or inactivate (scavenge) free radical.\[[@ref2]\]

Vitamin C levels in the third trimester has been shown to be lower than the levels in the first and second trimester due to physiological changes in pregnancy leading to hemodilution\[[@ref3]\] and deficiency of Vitamin C may be associated with some complications in pregnancy.\[[@ref4]\]

Vitamin C supplementation has been shown in some studies to reduce the risk of premature rupture of placental membranes and premature births, gestational hypertension, intrauterine growth retardation, and gestational diabetes in addition to other health benefits.\[[@ref5][@ref6][@ref7][@ref8][@ref9]\] Furthermore, because Vitamin C enhances iron absorption,\[[@ref10][@ref11]\] the low serum ascorbate can lead to a decrease in the absorption and subsequent utilization of iron which is required for the proper maintenance of pregnancy and fetal growth.

Data from Nigeria on Vitamin C status among pregnant women are few. The purpose of this study was to determine serum Vitamins C levels among pregnant women attending antenatal care at a General Hospital in Dawakin Kudu, Kano, Nigeria, and this can help further research to determine the place of Vitamin C supplementation in pregnancy.

METHODS {#sec1-2}
=======

This was a prospective study of 400 pregnant women at various maternal ages, gestational ages and parities done between 31 November 2009 and 30 March 2011. Ethical approval for the research was obtained from General Hospital, Dawakin Kudu, Kano, Nigeria. Informed consent was obtained from the participants.

Dawakin Kudu is a rural community in Kano State, Nigeria, and about 10 km from Kano, the commercial nerve center of Northern Nigeria. Most of the women are homemakers.

Research structured questionnaire was administered to 400 respondents randomly selected and this showed various sociodemographic indices.

Documented prevalence of 32.26% (20 out of 62) from previous study was used.\[[@ref12]\] This study was chosen because it was done in a similar setting in Nigeria. The sample size was rounded up to 450 pregnant women to account for dropout. Participants with confounders such as hypertensive diseases and diabetes mellitus were excluded.

Whole blood sample (5 ml) was collected from the 400 participants and drawn directly into a plain blood sample container. Centrifugation at 2500--3000 rpm for 5 min was done to obtain plasma. They were labeled and covered with aluminum foils. Storage was in a deep freezer for 1 month. Determination of serum Vitamin C level, according to Roe and Kuether, 1943,\[[@ref13]\] and normal range was 0.5--2 mg/dl.

Data obtained were analyzed using SPSS version 17 statistical software (SPSS Inc., Chicago, IL, USA). Descriptive statistics was used for quantitative variables. Mean serum Vitamins C concentrations between trimesters were compared using one-way ANOVA and *P* \< 0.05 was considered statistically significant.

RESULTS {#sec1-3}
=======

Results are shown in Tables [1](#T1){ref-type="table"}--[3](#T3){ref-type="table"}. Out of 450 participants, 400 completed the study. Participants who could not be followed-up or who developed confounders such as hypertensive diseases or diabetes mellitus were dropped. Majority of the women were aged 20--39 years with a mean of 23.67 ± 6.11. Most were in the 1--4 parity range. Seventy-nine and half percentage (79.5%) of the women had Vitamin C deficiency. The values for Vitamin C were 0.20 ± 0.18 mg/dl during the first trimester, 0.50 ± 0.99 in the second trimester, and 0.35 ± 0.36 mg/dl in the third trimester. The differences between the vitamins from one trimester to the other were statistically significant (*P* \< 0.05).
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Serum Vitamins C levels of the study sample
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Pattern of serum Vitamins C levels in mg/dl across trimesters
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DISCUSSION {#sec1-4}
==========

The present study reports that majority of the women were aged 20--39 years and a mean of 23.67 ± 6.11 was reported. The previous study reported mean age of 27.2 ± 6.5 years.\[[@ref14]\] The association between the status of Vitamin C and maternal age has been studied, and the highest levels were found among the age group 22--25 years and the lowest levels in the age group 34--37 years.\[[@ref6]\]

Majority of the women in this study were in the 1--4 parity range. Some local studies have reported that the serum Vitamin C levels decrease with parity because multiparous women in our environment may have depleted vitamin storage from frequent pregnancies at short intervals.\[[@ref15]\]

The present study reports low serum Vitamin C levels among this cohort of pregnant women and this was significant across the three trimesters. This study reports a prevalence of Vitamin C deficiency of 79.5%. A previous study from the northwestern part of Nigeria reported a lower prevalence of 32.3%.\[[@ref12]\] This difference may be related to the high parity, inadequate nutrition, and nutritional taboos among Northern Nigeria pregnant women. A similar prevalence of 75% was earlier reported from a rural setting in India.\[[@ref16]\] Similar studies found significant reduction in serum Vitamin C in pregnant Nigerians.\[[@ref17][@ref18]\] Contrary to other studies, plasma Vitamin C decline during pregnancy did not follow a linear trend with time.\[[@ref17][@ref18]\] Vitamin C deficiency may be accounted partly by the physiological hemodilution of pregnancy, inadequate intake, and the use of Vitamin C to combat the oxidative stress of pregnancy.\[[@ref19]\]

This study has shown deficient Vitamin C status among pregnant women attending antenatal clinic at General Hospital Dawakin Kudu, Kano, and there is a significant reduction across trimesters. Although data on Vitamin C supplementation in pregnancy are conflicting,\[[@ref20][@ref21][@ref22]\] Vitamin C supplementation can be suggested during pregnancy, especially for those whose fruit and vegetable consumption is inadequate because of aforementioned benefits. Vitamin C supplementation could also help to prevent the development of such complications of pregnancy such as gestational hypertension, intrauterine growth retardation, and gestational diabetes, conditions all known to be associated with high levels of oxidative stress.\[[@ref23]\] Studies from less-developed economies where Vitamin C deficiency among pregnant mothers is prevalent showed significant benefit of Vitamin C supplementation during pregnancy in reducing low birth weight and small for gestational age births.\[[@ref7][@ref24]\] Vitamin C may be protective against development of preeclampsia.\[[@ref25][@ref26]\] It has also been shown that supplementation with Vitamins C and E after preterm premature rupture of membranes (PPROM) is associated with a statistically significant increase in difference in the number of days before delivery.\[[@ref27]\] However, another study was of the contrary and does not support Vitamin C use for management or prevention of PPROM.\[[@ref28]\]

Decision as to which micronutrients are of greatest concern in developing countries requires a more systematic and comprehensive approach.\[[@ref29]\]

CONCLUSIONS {#sec1-5}
===========

There is a significant reduction in the serum Vitamins C concentration throughout the period of pregnancy with the highest levels in the second trimester Therefore, Vitamin C supplementation is suggested during pregnancy, especially for those whose fruit and vegetable consumption are inadequate.
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